omide (FIRST) clinical trial included patients of various ethnicities, including Asians [2] . However, dose reductions based on body weight or body surface area were not reported. Therefore, patients are treated with the recommended dose of 25 mg/day, without alteration, although dose reductions are allowed to lessen the risk of renal dysfunction. Because this dose will likely be utilized in tests of combinations of lenalidomide with investigative agents, including daratumumab and ixazomib, lenalidomide dose adjustment protocols are both important and necessary.
In our facility (Kansai Medical University Hospital, Osaka, Japan), most elderly MM patients do not receive the recommended dose of lenalidomide because they are more susceptible to adverse events and often unable to tolerate full doses. This study therefore investigated the actual use of lenalidomide in elderly patients and the efficacy of this therapy.
Materials and Methods
The study included 56 consecutively diagnosed transplant-ineligible patients with relapsed/refractory MM aged ≥ 65 years who were treated with a lenalidomide plus dexamethasone regimen at Kansai Medical University Hospital from January 2011 to December 2015. Patients who had undergone transplantation or had received lenalidomide as an initial treatment were excluded.
During each 28-day treatment cycle, patients received lenalidomide on days 1-21 and dexamethasone (20 or 40 mg) on days 1, 8, 15, and 22. The primary endpoint was the time to disease progression (TTP). Secondary end points included overall survival (OS) and the overall response rate (ORR), which was defined as the sum of patients who achieved a complete response (CR), very good partial response (VGPR), and partial response (PR), based on criteria set by the International Myeloma Working Group [3] . The severity of adverse effects was graded using the National Cancer Institute Common Terminology Criteria for Adverse Events v.4.0 [4] .
Both TTP and OS were estimated by the Kaplan-Meier method and compared by log-rank tests. Correlations of response with patient characteristics were determined by Spearman correlation analysis. All statistical tests were 2-sided, statistical significance was set at p < 0.05, and 95% confidence intervals were calculated. All statistical analyses were performed using EZR software (Saitama Medical Center, Jichi Medical University, Saitama, Japan), a graphical user interface for R version 2.13.0 (The R Foundation, Austria). More precisely, it is a modified version of R Commander (v.1.6-3) designed to add statistical functions frequently used in biostatistics. This retrospective analysis was approved by the Ethics Committee of Kansai Medical University.
Results

Patients and Treatment
The 56 patients included 30 (54%) men and 26 (46%) women, of mean age 76.5 years (range 67-88; Table 1 ). The M-protein consisted of IgG in 52% of patients and IgA in 30%, with Bence-Jones protein detected in 14%. According to the International Scoring System, 34, 32, and 34% were in stages I-III, respectively. The frequency of CRAB factors were bone disease (66%), followed by anemia (59%), renal failure (38%), and hypercalcemia (5%). In addition, 5% of patients were on hemodialysis, and 73% were treated with lenalidomide as a second-line regimen and 14% as a third-line regimen. The median treatment period was 9.0 months (range 1.0-60.0) and median follow-up period was 16.0 months (range 1.5-60.0).
Although the recommended lenalidomide dose is 25 mg/day, MM patients in our facility are usually started at a reduced dose, at the discretion of each physician, to more closely monitor adverse events, with the dose gradually increased to a continued dose ( Fig. 1 ) . However, although doses in most elderly patients are increased, the continued dose is usually below the maximum.
The most common starting dose in our patient cohort was 10 mg/day (45% of patients), followed by 5 mg/day (21%), 15 mg/day (20%), 20 mg/day (4%), and 25 mg/day (10%; Table 2 ). The most common treatment dose (dose used for the longest period) was 10 mg/day (46% of patients), followed by 5 mg/day (25%), 15 mg/day (16%), 20 mg/day (4%), and 25 mg/day (9%; Table 2 ). The most frequent reasons for dose reduction were renal dysfunction (54% of patients), fatigue (grade ≥ 3; 20%), hematologic disorder (grade ≥ 3; 14%), and rash (grade ≥ 3; 9%; Table 3 ).
Efficacy
The median TTP was 11.8 months (range 8.4-21.9; Fig. 2 a) , and the median OS was 39.2 months (range 26.6 months to not determined; Fig. 2 b) . According to the dose, the median TTP of the patients who received a dose of 5-10 mg of lenalidomide was 14.5 months (range 8.4-21.9), whereas the TTP of patients with lenalidomide at a dose of more than 10 mg was 8.9 months (range 3.7-33.8; p = 0.466). The median OS of the patients who received a dose of 5-10 mg of lenalidomide was 38.9 months (range 25.0-41.7), whereas the median OS of the patients with lenalidomide at a dose of more than 10 mg was not available ( p = 0.275; data not shown).
The ORR was 73% (CR in 17% of patients, VGPR in 19%, and PR in 37%). In addition, 23% of patients had stable disease, with only 4% showing disease progression ( Table 4 ) .
Correlation between Cumulative Doses and Response
The median cumulative dose was 1,097.5 mg (range 80-9,870). The correlation coefficient between cumulative doses and best response was 0.134 ( p = 0.324; Fig. 3 ).
Development of Malignancies
Nine patients developed other types of malignancy during treatment with lenalidomide: 2 patients developed lung cancer; 2 developed colon cancer; stomach, pancreas, bladder, and brain cancer each affected 1 patient; and 1 developed a hematological disorder, myelodysplastic syndrome. Two patients stopped lenalidomide because of the malignancy, whereas the others restarted lenalidomide after surgery. One patient died of the second malignancy.
Discussion
Until December 2015, only bortezomib and conventional agents could be used in the initial treatment of myeloma in Japan. At that time, lenalidomide was permitted for use in relapsed/refractory myeloma patients. Lenalidomide is taken orally, thus it is a convenient agent and used widely for elderly patients. Although treatment of elderly patients with the recommended dose of lenalidomide is difficult and tends to lead to severe adverse events, no con- 1 The treatment dose used for the longest period. 58 sensus has been reached on dose reduction. Only a few reports to date have described the effects of lenalidomide dose reductions. In one study, 150 elderly (>60 years) patients with relapsed/refractory MM were treated with 15 mg/day of lenalidomide plus dexamethasone [5] . This reduced dose of lenalidomide was effective (ORR 69%), while being less toxic, in elderly patients. Other studies have reported that 10 or 15 mg/day of lenalidomide was safe with a reasonable response in 19 patients with relapsed/refractory MM [6] , and that 5 mg/day of lenalidomide was safe and effective in 6 patients with MM [7] . Although most patients in the present study were treated with only 5-10 mg/day of lenalidomide, they showed a high ORR (73%), similar to the results of the FIRST trial [2] . In 2 large phase 3 trials, MM-009 [8] and MM-010 [9] , the median TTPs were 11.1 and 11.3 months, respectively, and the ORRs were 61.0 and 60.2%, respectively. Dose reductions were required in 76.8% of patients in MM-009 and 76.1% in MM-010, with 19.8 and 8.8%, respectively, discontinuing because of adverse events.
Although the recommended initial dose of lenalidomide is 25 mg/day, we started patients on a reduced dose, increasing it gradually while monitoring carefully for adverse events. We think that this strategy is sensible as we did not have to stop treatment because of adverse events. Evidence is emerging that continuous treatment can improve progression-free survival and OS [10] .
Lenalidomide has been postulated to have 2 main mechanisms of action: cytotoxicity and immunoregulation. Neither mechanism is understood clearly. Basic science studies have suggested that a high dose of lenalidomide (25 mg/day) elicits cytotoxic effects, whereas a low dose of lenalidomide (5-15 mg/day) activates antitumor immunity [11, 12] . OS in the present study was 39.2 months, which is better than that of large phase 3 trials (MM-009) [8] . OS in MM-009 was 29.6 months. The difference in this result might be due to the immune effect of low-dose lenalidomide.
Although we observed a positive correlation between the cumulative dose of lenalidomide and patient response, this correlation was not statistically significant. However, this study may have included too few patients to reveal a correlation. Our findings suggest, however, that treatment with lenalidomide for long periods of time, even in small doses, may yield favorable outcomes. This result might also result from the immune effect of lowdose lenalidomide. Of course, the relationship between lenalidomide dose and its efficacy should be proven by the measurement of blood concentration of lenalidomide in the future.
Of the 56 patients in our cohort, 9 (16%) developed other malignancies during lenalidomide treatment. Although this rate is higher than normal, it is uncertain whether it is related to lenalidomide or the original nature of myeloma [10, 13] . This study had 2 major limitations. First, this was a retrospective, single-institution study with a short followup and small number of patients. Second, although genetic and biologic backgrounds can affect the efficacy of lenalidomide, we could not perform detailed genetic tests because of limitations in patient insurance policies.
The aim of MM treatment in elderly patients is to maintain a good quality of life. Overly aggressive therapy may result in treatment discontinuation. Because treatment maintenance may be more important for favorable outcomes, tolerable doses of lenalidomide may be the best treatment strategy for elderly patients with MM.
In conclusion, our findings suggest that transplant-ineligible elderly patients with MM be started on a minimum dose of lenalidomide, with the dose being gradually increased to the highest possible (maximum dose, 25 mg/ day), and that these patients be maintained on a tolerable dose for as long as possible.
